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We examine recent large cosmological Z
c
= = quasar spectra for possible
evidence of extra spatial dimensions (D = 3 + ;   1) in the early universe.
The complete Lyman alpha (Ly

) to Lyman epsilon (Ly

) -dependent quantum
mechanical wavelength transitions are given. Our methodology is to use Lyman
beta (Ly

) as the anchor, and identify Lyman gamma (Ly






, Finally we give an  corrected value for Ly

. By computing the variance
of the hydrogen line population, we use the statistical Z-test to give condence
estimates for D = 3 +  in the early universe.
Subject headings: (galaxies)quasars: emission lines
1. Introduction
There has been much interest in theoretical physics lately in considering the possibility
that space has more than 3 spatial dimensions (fractal universe) (see for example Rizzo
& Wells 1999, and references therein). Due to an expanding universe, the dimension of
space may in fact be a time-dependent parameter, and therefore its value at a specic
time does not even have to be an integer. In Buettner, Morley & Schmidt (2000), it was




carry information about D = 3 +  dimension of space,
and using available quasar database information, a possible positive experimental signal
 6= 0 was found for Z
c
> 4. The dierence between the present paper and Buettner,
Morley & Schmidt (2000), lies in the fact that Buettner, Morley & Schmidt (2000) relied on
professional astronomer identication of spectral lines while herein we do our own analysis.













to investigate D = 3 + 
{ 3 {
dimension of space.
The history of physics has many instances where a small, but non-zero parameter
occurs in nature. A familiar example is CP violation. There is no known reason why
the spatial dimension of space must have the value of 3, or even be an integer, and in
fact the physical region in the complex plane of  in D = 3 +  dimension of space, is
the non-negative real axis. All that is known is that the present epoch value of  has an
exceedingly small upper bound (Zeilenger & Svogil 1985), and it is an open experimental
question whether  = 0 in the early universe.
2. Lyman  Levels
The spacing of atomic energy levels varies with the dimension of space. By directly
solving the Schrodinger equation in D = 3+ dimension of space (Muller and Schafer 1986a,
1986b), we obtain in Table 1 the Lyman transitions as a function of , for  1. If  6= 0,
the result is a change in each transition by a unique amount. The eect is unmistakable:
even a small shift   0:03 should be detectable.
In Table 2, we give the intensity ratios as measured in the laboratory, which do not
have any  dependence since absorption processes totally dominate any  eects. High
Z
c
quasars are extremely rare, but the Sloan Digital Sky Survey (http://www.sdss.org)
has discovered several Z
c
 5. In this paper, we analyze two of their spectrograms for
any evidence that  6= 0 in the early universe. In Figures 1 and 2, we present the high
Z
c
spectra, obtained from Fan et al. (2000a, 2000b), which we have analyzed using the
computer program Ghostview.
{ 4 {
3. DiÆculty of High Z
c
Spectrograms
To begin, ancient light is not what it appears to be, with the lines directly read
out from a computer software program. For one thing, the spectrum is a superposition
of a priori unknown set of cosmological red shifts, and even the largest or primary shift
introduces a complicated transposed spectrum. Next, uneven absorption of radiation as it
moves through one intergalactic cloud to another can remove completely the center of a
spectral line or one of its wings, and may lead to complete masking of the location of the
original radiated line. Lastly, line overlaps, which are such a rare occurrence in terrestrial
plasmas, is the norm for high Z
c
spectra. These circumstances have lead to the observation
that no astronomy group has been able to locate the matching (same cloud or put in
another way, identical Z
c







We can see these diÆculties in Fig 1. The Ly

line is in a clump of emissivity many
dozens of

Angstroms wide. The peak of the clump, as recorded in the spectrograph need
not be Ly

at all. All that we can surmise with condence is that Ly

resides somewhere
in the clump. Therefore, for spectroscopic purposes we concentrate on the other Lyman
lines, due to their much smaller emissivity widths. Our supposition is that, even though




will all be present in the spectrogram at
some level. Our goal is to nd them. All Z
c
> 4 spectra share the same diÆculty of nding
a consistent matching Lyman series.
4. Analyzing the 5.8 Spectrum
The original Sloan Survey identication of Z
c
= 5:8 of this spectrum is due to their
picking the peak line in the 8300

Angstroms clump as Ly

with the corresponding choice of
putting  = 0. We use this spectrum to t Z
c
and . While the lines for the Lyman series
{ 5 {
are easily discernible, their wavelengths are diÆcult to determine because the lines straddle
several channels. Thus this spectrum can not lead to a denitive determination of .
We use the statistical Z-test (4) to test a population mean with a known variance. From
a population with assumed mean 
0
and known variance 
2
, a random sample of size n is
taken and the sample mean x is calculated. The test statistic is Z = (x - 
0
)/(/n), which
is then compared with the standard normal distribution using (in this case) a one-tailed





Computing Z, we obtain Z = 1.54, which fails the 95% condence test The 90% condence
test is Z
0:10
= 1.29, and this marginal spectrum passes that.
5. Analyzing the 5.0 Spectrum
The original Sloan Survey identication of Z
c
= 5:0 of this spectrum is due to their
picking the peak line in the 7300

Angstrom clump as Ly

with the corresponding choice
of putting  = 0. We use this spectrum to t Z
c
and . Again, Ly

is immersed in a
large emissivity clump; we continue with our methodology of using Ly






. The dispersion is estimated to be 10.24

Angstrom per channel. In
Table 6, we give the line identication, and in Table 7, the ratios of intensities. The 5.0
analysis is given in Table 8. From this table, we apply the Z-test to this spectrum. From
Table 8,  = 0.0336631,  = 0.023035, n = 3. Z = 2.53 > Z
0:05
, so this spectrum has a
positive signal for  6= 0.
6. Conclusions
The question of the value of  in the early universe (dened here as Z
c
> 4) can only




in the optical region is needed for this purpose. Furthermore, it is critical that the complete




. The formulae used for determining
Z
c
,  and Æ are given in Buettner, Morley & Schmidt (2000) . A value of  6= 0 cannot at
this time be ruled out. The 5.8 spectrum is marginal, but the 5.0 spectrum shows a positive
signal. What we can say at this time, is that if  is not zero, it ranges in the  0:02 to 0.03
range, but not larger.
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(for  = :02113) 8337






























Table 4: Measured Intensity Ratios
{ 12 {
5.8 Analysis


















0.037 0.016 5.57 0.11


















(for  = :0303) 7390






























Table 7: Measured Intensity Ratios
{ 15 {
5.0 Analysis


















0.0312 0.0168 4.8664 0.1035
Table 8:  and Æ
{ 16 {




Fig. 2.| The Z
c
= 5:0 spectrum.
